Since Laitinen and Kolthofl'1~ (1941) introduced a platinum electrode for polarographic analysis in place of the conventional dropping mercury electrode, the electrode has been applied widely for measuring the oxygen tension (Po2) in the living body. Generally, the diffusion current at a stationary electrode, and also its reproducibility depends significantly on the `structure of the electrode. For instance, when the platinum wire of an electrode protrudes from the tip of the glass tube in which the wire is sealed the oxygen current is subject to a strong influence of convection and becomes rather unstable. Thus, since that time various types of the electrode have been investigated by several workers in order to enhance the reproducibility of oxygen current. Mochizuki2? (1951) attempted to make an even type electrode. In his technique a sealed platinum wire together with the glass tube was ground with carborandum and polished with ferric oxide. When a thin platinum wire was used as the electrode, the influence of convection decreased and as a structural merit the surface could be cleaned resulting in a slightly increased reproducibility. But through the studies of Cater", Silver", Fatt" and the author" it has been clarified that in order to eliminate entirely the influence of convection it is necessary to make the electrode size thinner than 1 u. cribed as follows :
•¬ (1) where C is the concentration of oxygen in the solution . When the diameter of the electrode is 2a, the boundary conditions are given as follows : Eq. (3) can be solved as :
•¬ ( 4) where f (m) is a function to be determined by the boundary conditions . If one puts
then all the boundary conditions shown in Eq . (2) are satisfied, since
•¬ and
•¬ Thus, the final solution for the oxygen concentration is given by
•¬ (6) According to textbook on Bessel functions, Eq. (6) can be transformed into the following equation having no integral form:
•¬ (7)•¬ On the other hand, the concentration gradient at the electrode surface is given by differentiating Eq. (4) with respect to z as follows:
The right-hand term can be transformed into the following form by a method similar to that used in obtaining Eq. (7) :
•¬ (9) Therefore, the oxygen quantity diffusing through the total electrode surface , Q, is given by
•¬ (10) where D is the diffusion coefficient . The oxygen diffusion current is given by multiplying Q by nF as follows :
•¬ (11) •¬ (12) As shown in Fig. 2 , if the length l of the band electrode is very long compared with its width 2a, the diffusion at both the tip-edges may be disregarded, especially, when the narrow band forms a circular ring as in the case of a sputtered film electrode, it seems unnecessary to consider the diffusion at these edges. Therefore, when the y-axis of the angular coordinate is taken on the central line of the electrode band and the x-and zaxises are assumed to be lines in parallel and in perpendicular directions against the electrode surface respectively, Eq. (12) is further simplified to a two-dimensional equation 
3) at any x and z=•å; C=Co, 4) at any z and x=•å ; C = Co.
As usual, such a two-dimensional differential equation as Eq. (13) is solved by a tamiliar method in the calculations of the electrostatic potential, namely, the conformal transformation.
For instance, the potential distribution around a charged band plate with a width of 2a can be obtained by using the following equation as an analytical function,
•¬ (15) where v is the coordinate on the x-z complex plane and u is that on an orthogonal plane representing the potential field. Now, let us assume that a point having a coordinate (x, iz) on the v-plane is mapped on the u-plane according to the function of Eq. (15) and that the coordinate (x, iz) determines a definite coordinate of both the potential and the direction of the electric force , (ch, icp). Then the following relation will hold between (x, iz) and (cp, iv) :
b is considered, in general, as a non-dimensional value. Therefore, in order to obtain the oxygen concentration from the above conformal transformation, it is necessary to define as preliminary step a distinct relationship between ~b and the concentration, C.
When C is defined to be linearly proportional to cb, i.e. cb= C/K,`K being a constant having the same dimension as C, Eq. (16) is rewritten as follows: .
•¬(17) K Eq. (17) is inherently suited to derive a concentration distribution due to the steady state diffusion in a closed region. In other words, Eq.(17) obviously satisfies Eq. (13) as well as the boundary conditions (1) and (2) of Eq. (14). However, the conditions (3) and (4) of Eq. (14) which define convergence of the concentration at an infinite distance can not be satisfied, because C given by Eq. (17) infinitely increases with the increasing x and z. As will be shown in the next subsection, the increasing rate of concentration with the distance is reduced as the distance increases. For instance, the concentration gradient calculated at x=100a, z=0 is about 1/100 of that at x=0 and z=0.
Thus, if the boundary conditions of (3) and (4) are replaced by the following in which the concentration on an equiconcentration line at a considerable distance, Aa, from the center of the band is constantly equal to Ca, Eq.(17) approximately gives the concentration distribution around the electrode at least within this equiconcentration line. The proportionality constant, K, is then given by
The value of A will be evaluated by a condition of convection in a solution .
The concentration gradient with respect to z is given by differentiating Eq . (17) as
Therefore, the gradient on the electrode surface is given by Consequently, the oxygen current on the total area of the electrode with the unit length, I, is given by, I = nirFDK.
The above equation shows that the oxygen current is independent of the width of the band.
Evaluation of the concentration distribution around the electrode
The concentration distribution around the circular electrode given by Eq. (7) is •¬ (24)
The same concentration distribution on the band electrode is derived from Eq. (17) by putting x=0 as,
The values on Table I were calculated from Eqs. (24) and (25). As shown in Eq. (25), the concentration around the band electrode depends mainly on the value of K, or on the dimension of the diffusion region bound by the equiconcentration line of Co. The K value increases as the dimension is reduced. When the distance is 100a on the z-axis, as shown in Figs. 4 and 5 and Table I , the 50% concentration of the band electrode is seen at z=6a, while in the circular electrode it is at z=a. That is, the concentration gradient in the latter electrode is six times as steep as that in the former. The 90% concentration is seen in the circular electrode at 6.3a, while it is at 58.9a in the other electrode. In other words, the diffusion layer in the band electrode extends about 10 times farther than that in the circular.
The concentration gradient along the z-axis on the circular electrode is obtained by differentiating Eq. (24) with respect to z as,
The concentration gradient on the band electrode is obtained by differenitating Lq.
(25) with respect to z, that is, •¬(27) The relationships between the concentration gradient and z shown in Table II were obtained from Eqs. (26) and (27) . The values in Table II are expressed by the % ratio of the gradient at any point to that at the electrode surface. Therefore, the fiugres as to the gradient in the band electrode is independent of the value of K, or the spread of the bound diffusion region. As seen in Eqs. (26) and (27), it is apparent that the gradients converge in the circular electrode inversely proportionaly to (a2 +z2) and in the band electrode inversely proportionaly to the square root of (a2 +2).
Although the difference in the gradient at x=0 and z-0 is quite small between both electrodes, it increases constantly with the distance, z. For instance, the gradient of the band electrode converges to 1 % at the equiconcentration line at a distance of 100a, whereas that of the circular electrode converges at a distance of 10a. Figs. 4 and 5, the equiconcentration line crossing z= 100a and x=0 was assumed as having Co constantly, that is, K=Co/5.3. In reality, however, the value of K should be determined rather by the experimental values of the oxygen current. In Fig. 7 are shown the oxygen currents measured through band electrodes of 5 different thicknesses with a uniform length of 3mm. As the measured oxygen current certainly contains the tip-edge current of high density, the current corresponding to Eq. (23) should be evaluated by reducing the tip-edge current from the measured values shown in Fig.  7 . Provided that the tip-edge current at each terminal is almost equal to that of the circular electrode with the same diameter as the thickness of the band, the net side-edge current may be evaluated by the interrupted line shown in Fig. 7 . This is almost independent of the thickness of the band, suggesting qualitatively the validity of Eq. (23).
Because the currents shown in Fig. 7 were measured in sat. KC1+sat. borax solution at 37•Ž and at the Pot of the air level, the value for DCo in Eq. (23) should be equal to that used n the calculation of Eq. (11), namely, DCa=0.13 x 10-11 Mol cm sec.
On the other hand, inserting Eq. (18) into Eq. (23), the current to be observed through the band electrode with a length of 1 cm. is written as 
